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COMPLETE SPECIFICATION 
Liquid Adhesives 

T^iSj^^*^ SmBAiiRA Eujcraic Company According to the present invention, th^ 
LlMiXBD^ a corporation duly organised and fore. vnTnrn^A^Jr^ mvennon, there- 
existing under tfaTlaw of lanan.^ lo«^ ^ adhesive composition 
«^VikaTO^^ ^n^atleastonepolyamidea^^ 

5 hereby dedans Ae'^S^fS' Sir 

pniythatapatemnmybegSu^toSaSd SS^^^^^ 
the method^ which it isTbTp^^^ ^..Z."^,.^^ "9^^ ^ 
to be particularly described in and by the 

following statement: 

This invention is concerned with liquid 
adhesive compositionB contaimng polyamide 
resm and epoiy resin. 

It is fauywn that polyamide resins act as 
oin^g agents for cpoxy resms and in British 
^eafication No. 1,013,898 it is shown dmt 
tms corlng cffert is accelerated by the addi- 
ticm of a anaH amoont ci a phenolic resin to 
^ mkture of pdyamide and epoxy resins. 
The same specification describes and claims 
a process for the manufacture of an adhesive 
film whiA comprises applying a sohition of 
epoxy resin onto a film of polyamide resin 
in the presence of a phenolic resin in dther 
me polyamide resin or the epoxy resin, and 
<Kymg. The film so formed is placed between 
the surfaces to be bonded and heat is arolied 
to form the bond. Not only is curing rapid 
but the bond farmed has improved adhesion 
and thermal resistance in comparison with a 
bond farmed with a mixture of polyamide 
and q)oxy resins alone. 

In many cases, however, tibe use of a solid 
fihn-type adhesive is difficult or imposaUe 
and a liquid adhesive is more suitable. We 
have now developed a liquid adhesive com- 
position in the form of a solution which cures 
rapidly by die concerted reaction jnecbanism 
between epoxy resins, polyamide resins and 
phenohc resms desCTibed in Specification No 
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resms being dissolved in said solvent or sol- 
vent mmme, 

Pofyamidc copolymers are well knovm in 
ae art and are usnally prepared by one of 
two methods. The first of diese methods 
comprises copt^erising the monomers of 
two or more polyamide polymers to fdnn 
a randwn copolymer; the second method com- 
pnses blendmg together tWo or more pie- 
fmned polyamide pofymers in the nuSten 
state to form a block copoljmer. The po^- 
amides formed by eidier of these mediods ve 
Known as polyamide copolymers. . 

"When the potyamide copolymer resinfs). 
flie epojqr resin(s) and the phenol-fdimalde^ 
hydc resiii(8) are drntind togedier in a sol- 
vent curmg of qmirse occurs rundh and it is 
not tiiexeforc possible to store tiie adhesive 
wnrooation of the inventira in dus fenn, 
Simflarly, die epo^gr redn and the polyamide 
oopoW r«m camiot be stored dissolved 
together m the same solvent because cmimr 
agam occurs, although less rapidly. 
adhraye composmon of the mvaition is 
theidore stored before use in two separate 
solutions, lie first sdudim conmrisinF die 
I«lyaiiude copolymer ie8m(s) m M^ianic 
Mlvent and the second sohnion oompS 

1 J^^J"?^'> •» SOlVHttiM 

least one of said sofaidras contains die plinol 
fonnalddqrde redn(8). i«"<^v,i 

Ite two soludons are put on die market 
toge±cr Md die user first mixes togedier 
of the two ^ohidons to give die 
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amount of adhesive he requires; he then 
applies the resoldog adhesive comp sitian 
to at least one of the surfaces to be bonded, 
genecally lets the solation diy nntil it be^ 

5 Gomes tackf and finally presses the two sur- 
faces together and cures the composttion at 
an elevated temperature to form the bond. 

^ay cpoi^ resm which is sduble in a suit- 
able organic sohent can be used in the 

10 adhesive conqiosidons of tbt invention but it 
is preferr e d to use those having an eposy 
equivalent of from 500 to 1025. - Snnilarly, 
it is preferred to use phenol-fozmaldefayde 
tesins of the novolak or resole type. 

15 Po^^mide copolymers suitable fox use in 
the adhesive compositions of the invention 
are derived from two or more pol3ramides 
or the monomers thereof, as desaibed herein- 
above. Suitable polyamides indude 6-nylon, 

20 6.6-iQ^lon, 6.10'nylon and 10.10 nylon, a co- 
polymer of 6-nylon, 6.6-nylon and 6.10-nylon 
being particularly prefOTed (a copolymer of 
'das type is produced by E. I. du Pant de 
Nemours and Company under the Trade 

25 Mark "Zytel i9"). 

In the two-component storage stable com- 
position, die solvent for the polyamide co- 
pofymer solution is preferrably methanol or 
ethanol and the solvent for the epoxy redn 

30 solution is prefenbly acetone or tetrahydro- 
furan. 

The weight ratio of pol^^unide copolymer 
resin, epoxy resin and phenol formalddiyde 
re^ in the adhedve composition is prefer- 
35 ably 100:5 to 30:10 to 70 respectively. 

In order that the invention may be more 
fully understood, the following Examples, 
in whidi all parts and percentages are by 
wd^n^ are given by way of illustration only. 

40 SZAMPLB 1. 

Soludon A, a 20% solution of a mixture 
containing an equal weight of a novolak type 
phenolic resin and an epoxy resin having 
an epazy equivalent of from 875 to 1025 in 

45 acetone was prepared. 

Solution B containing 15 parts of a co- 
polymer of 6-n7lon, 6.6-iiylon and 6.10- 
nylon dissohed m 85 parts of medianol was 
prepared. 

50 Three parts of Soludon A and four parts <rf 
Solution B were mixed slowly and widi 
stiizihg ta form a uniform mixture. The re- 
sultant mixture was applied to a polidied 
sted plate in an amount of about 200 g per 

55 m% and then dried until tad^. Another 
polished stcd plate to be bonded was then 
placed on die adherive layer <m said first 
plate and, after curing 15 minutes at 
150°C widi die plates subjected to a pressure 

60 of about 5 Kg/cm^ excellent adhesion was 
obtained. 

By using the adhesive of this invention, 
it is possible to lower the curing temperature 
and to shorten the curing time remarakably as 



compared with the case of using a conven- 65 
tional epoxy-polyamide type adhesive in whidi 
one hour and a temperature of 175°C may 
be required for curing. 

Thus resultant bond part dU not soften 
on heating even to a tempemture of 200^C 70 
but if this bond is heated over 300^0, the 
bonded artide can be strqiped off easily. In 
the case oi a conventional pdyanoide type 
adhesive, the temperature of stripping is 
about 2XKPC. 75 

The ten^ shear strengdi of the above 
artide bonded by the adhedve composition 
of the invention was about 350 kg/cm^ while 
in die case of a conventionsyi epoxy-polyamide 
type adhesive this s|reQgtfa may be about 80 
300 kg/cm\ 

Example 2. 

188 g of phenol and 150 g of 40% formalin 
were added to a dxrce neck distillation fladc 
equipped with a reflux condenser, a thermo- 85 
meter and a stirr^ and 3 cc of 0.5 N HQ 
aqueous solution was added as a catalyst. 
The contents of the flask were then heated on 
a water bath at a temperature of about 
lOO^C to effect the condensation reaction. 90 
After the solution became doudy, 340 g of ^ 
15% aqueous solution of NaOH was poured 
in, and 186 g of q>id)lorlQrdrin were dowly 
added to the solution over about 30 minutes 
at a reaction temperature of 65°C while 95 ^ 
stirring. After the reaction bad continued 
for 2 hourS) a viscous and yellowish brown 
liquor predpitated in the bottom of the 
flask, and was taken out from the flask and 
wadied with distilled water several times 100 
to remove NaQ produced simultaneously. 
The viscous liquor was then dissolved in 
acetone and was filtered and the resultant 
filtrate was heated g;entiy to remove die sol- 
vent^ that is acetone, evaporation. A 105 
mixed solid resin comprising novolak type 
phenolic resin and qK>xy resin was thus 
formed by epoxidation of the phenolic resin. 

Solution A, a 20% solution of said saM 
resin dissolved in tetrahydrafuran was pre- 110 
pared. 

Solution B containing 15 parts of a poly- 
amide copolymer as nsed in Example 1 dis- 
solved in 85 parts of medianol was prepared. 

Three parts of solution A and rour parts 115 
of solution B were mixed as in Example 1 
to pr^are a viscous adhedve. The same 
adhesion test as in Example 1 was carried 
out using the prepared viscous adhesive^ and 
the r^ts were sunilar to diose in Exsunple 120 

Example 3 
10 cc of 0 J N NaOH aqueous solution 
was used as die catalyst in place of 3 cc of 
03 N HQ used in Example 2, and die same 125 
procedures were repeated as in Example 2 
to obtain a resole type phenolic rean. This 
phenolic resin was partially qioxidised to pre- 
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pare a mixture of resole type phenolic rean 
and epoxy resin, and this mixtore was dis- 
solved in tetrahydiofuian at a concentratioa 
of 20% to make Sohition A. 
5 Solution B was prepared as in Exanmle 
2. 

Three parts of solution A and four parts 
of sohition B were mixed as in Example 1 
to prepare a viscous adhesive. 
10 The same adhesion test as in Example 1 
was carried out with this adhesive and the 
results were similar to those in Example 1. 

Example 4 
Solution A, a 20% solution of cp03^ 
15 resin having an epoxy equivalott of about 
500 in tetrahydmrfiiran as a solvent was pre- 
pared. 

Sdution B, containing 13.5 parts of a poly- 
amide copolymer as used in Example 1 
20 and 15 parts of a resole type phenolic resin 
dissdved in 85 parts of methanol was pre- 
pared. 

Both Solutions A and B were used as in 
Exan^le 1, and simflar results were obtained. 

25 EZ&MFLE 5 

Solution A, a 20% mixed solution of 10 
parts of epoxy resin having an epoxy equiva- 
lent of about 500 and 1 part of resole type 
phenolic resin in a solvent of tetiahydrofuran 

30 was prepared. 

Solution B a 15% mixed sohition of 10 
parts of a polyamide copolymer as used in 
Example 1 and 1 part of resole type phenolic 
resin in methanol was prepscnd. 

35 One part of Solution A and two parts of 
Solution B were mixed^ the mixture was used 
as in Example 1, auod similar residts were 
obtained. 

In the Examples, the weight ratios of 
40 polyamide copo^mer to epoxy resin to 
phenol-formaldehyde redn in the adhesive 
compositions were as follows: — 
Example 1: 100: 50: 50 
Example 2: 100: 130: 70 
45 Example 3: 100: 130: 70 
Example 4: 100: 110: 10 
Example 5: 100: 50: 15 

WHAT WE CLAIM IS: — 
1. An adhesive composition comprising at 
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least one polyamide copolymer resin, at least 50 
one epoxy restn^ and at least one phenol- 
formaldehyde resin and an organic solvent or 
nxixture of organic solvents^ nid resins being 
dissolved in said solvent or solvent miz- 

2. A composition according to daim 1 in 
wbldi the ^oxy resin has an epoxy equiva- 
lent of from 500 to 1025. 

3. A composition acooniing to daim 1 or 

2, in whidi die polyamide copo^^ is a 60 
copolymer of two or more of 6-nylon, 6.6- 
nylon, 6.ia-i7lon and lO.lO-nylon. 

4. A composition according to daim 3 
in which the polyamide copolymer is a co- 
polymer of 6-nylon, 6.6-nylon and 6.10- 65 
nylon. 

5. A composition according to any of 
daims^ 1 to 4, in idiich the solvent mixture 
comprises methanol or edianol and acetone 

or tetrahydrofuran. 70 

6. A composition according to any of 
daims 1 to 4, in whidi the weight ratio of 
polyamide copolymer resm, epoxy rean and 
phenol fonnalddiyde resin is, respectivdy, 
100: 50 to 130: 10 to 70. 75 

7. A mediod of bonding using an adhesive 
composition as claimed in any of rfai m? 1 
to 6, which comprises mixing together two 
separate solutions;, a first solution comprising 
die polyamide copo^^ner resin(s) m an 80 
orguuc solvent and a second solution com- 
prising the epoxy lesh^s) in an organic sol- 
vent, at least one of said solutions contain- 

ing the phenol-formaldehyde resin(s\ apply- 
ing the resulting adhesive conqioation to at 85 
least one of the surfaces to be bonded and 
curing the composition at an devated 
tempeniture to form die bond. 

8. An adhesive composition according to 
daim 1 substantially as herein desaibed in 90 
any of die Examples. 

9. A method of bonding according to 
daim 7 substantially as heretndescribed in 
any of the Examples. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
Northumberland House, 
303/306, High Holbom, 
London, W.Cl. 
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